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Description 

APPARATUS FOR DETECTING ROTATION 

OF A BICYCLE PART 

Background of Invention 

[0001] The present invention is directed to bicycles and, more 

particularly, to an apparatus for detecting rotation of a bi- 
cycle part. 

[0002] It is known to mount a rotation detecting apparatus to de- 
tect the rotation of a wheel or crank arm so that a cycle 
computer may use the detected rotations to calculate and 
display the bicycle speed or pedal cadence to the rider. A 
conventional rotation detecting apparatus typically com- 
prises a magnet mounted to a rotating part and a mag- 
netic sensor mounted to a fixed part such as the bicycle 
frame. The magnetic sensor may comprise a reed switch, 
aHall-effect element, etc., and it usually is mounted in a 
position that faces the magnet at some time during rota- 
tion of the bicycle part. For example, when used to calcu- 
late bicycle speed, the magnet may be mounted to the 



spoke of a wheel, and the magnetic sensor may be 
mounted to the front fork. When used to calculate pedal 
cadence, the magnet may be mounted to the crank arm, 
and the magnetic sensor may be mounted to either the 
seat tube or the down tube of the bicycle frame. 

[0003] Only one magnet is mounted to the rotating part in a con- 
ventional apparatus, so the magnetic sensor outputs a de- 
tection signal one time for each rotation of the rotating 
part. Recently, the results of these detections have been 
used in gear control or suspension control. In such appli- 
cations, there are instances when a detection cycle of one 
detection signal per rotation is inadequate to properly 
control the intended device. This is especially true when 
the rotating part is rotating at low speed, in which case 
the detection cycle is too long to adequately control a de- 
vice that requires rapid response to changing conditions. 

[0004] One attempt to solve this problem involves installing a 

plurality of circumferentially spaced magnets on the rotat- 
ing part. For example, a plurality of magnets may be 
mounted to selected spokes of a wheel, thereby shorten- 
ing the detection cycle and speeding up the response to 
the changing conditions. In such an apparatus, the plural- 
ity of magnets and the magnetic sensor must be mounted 



one by one to the rotating part. Furthermore, the circum- 
ferential spacing and radial position of the magnets must 
be adjusted one by one as they are mounted. Thus, the 
installation of the plurality of magnets and the magnetic 
sensor becomes troublesome. Even after the installation is 
complete, adjustment of the plurality of magnets or the 
magnetic sensor must be repeated whenever the plurality 
of magnets and/or the magnetic sensor shifts out of posi- 
tion due to the loosening of the mounting screws or the 
like. 

Summary of Invention 

[0005] jhe present invention is directed to various features of an 
apparatus for detecting rotation of a bicycle part. In one 
embodiment, the apparatus comprises a casing member 
comprising a generally annular body structured to be 
mounted to the bicycle part so that the annular body is 
incapable of rotating relative to the bicycle part as the bi- 
cycle part rotates in opposite directions around a rota- 
tional axis. The annular body includes a plurality of cir- 
cumferentially disposed exposed magnet mounting por- 
tions that are concentric with respect to the rotational 
axis, and a cover member is detachably mounted to the 
annular body for blocking the plurality of magnet mount- 



ing portions. Additional inventive features will become 

apparent from the description below, and such features 

alone or in combination with the above features may form 

the basis of further inventions as recited in the claims and 

their equivalents. 
Brief Description of Drawings 

[0006] Fig. 1 is a side view of a bicycle including an apparatus for 

detecting rotation of a bicycle part; 
[0007] Fig. 2 is an enlarged oblique view of the bicycle handlebar 

assembly; 

[0008] Fig. 3 is an exploded view of a particular embodiment of 
an apparatus for detecting rotation of a bicycle part; 

[0009] Fig. 4 is a front view of a casing member with a cover re- 
moved; 

[0010] Fig. 5 is a view taken along line V-V in Fig. 4; 

[001 1] Fig. 6 is a block diagram of a particular embodiment of a 
control circuit that controls a plurality of bicycle compo- 
nents; 

[0012] Fig. 7 is a front view of another embodiment of a casing 
member; and 

[0013] Fig. 8 is a view taken along line VIII-VIII in Fig. 7. 
Detailed Description 



[0014] pjg_ 1 is a side view of a bicycle including a particular em- 
bodiment of an apparatus in the form of a rotation detec- 
tor 22 for detecting rotation of a bicycle part. In this em- 
bodiment, the bicycle is a mountain bicycle comprising a 
frame 1 having a tubular frame body 2; a front fork 3 
mounted to the front of frame body 2 for rotation around 
an inclined axis; a front wheel 6 rotatably mounted to 
front fork 3; a handlebar assembly 4 mounted to the up- 
per portion of front fork 3; a rear wheel 7 rotatably 
mounted to a hub dynamo 10 at the rear portion of frame 
body 2, a driving portion 5 comprising front and rear 
gear-shift mechanisms 8 and 9; and a controller 11 (Fig. 
6) for controlling the front and rear gear-shift mecha- 
nisms 8 and 9. A front suspension 14 is mounted to front 
fork 3, a rear suspension 13 is mounted to the rear of 
frame body 2, and a saddle 18 is mounted to the middle 
of frame body 2. 

[0015] As shown in Fig. 2, handlebar assembly 4 comprises a 

handle stem 12 and a handlebar 15, wherein handle stem 
12 is fastened to the upper portion of the front fork 3, 
and handlebar 15 is fastened to handle stem 12. Brake 
levers 16 and grips 17 are mounted at opposite ends of 
the handlebar 15. Gear-shift switches 20a and 20b are 



provided for carrying out manual gear-sliift operations of 
tlie front and rear gear-sliift mechanisms 8 and 9. An op- 
erating switch 21a is provided for switching between an 
automatic mode and a manual mode of operation, and an 
operating switch 21b is provided for manually adjusting 
the stiffness of the front and rear suspensions 13 and 14. 

[0016] Front gear-shift mechanism 8 comprises a right side 

crank arm 27a and a left side crank arm 27b mounted to a 
crankshaft 66 (Fig. 3) that is rotatably mounted within a 
bottom bracket portion 65 of frame body 2. Pedals 27c 
are mounted to the distal ends of right side crank arm 27a 
and left side crank arm 27b. A plurality of front sprockets 
(e.g., three sprockets) are mounted to crank arm 27a, and 
a front derailleur 26 is mounted to frame body 2 in close 
proximity to crank arm 27a for switching a chain 29 
among the plurality of front sprockets. Rear gear-shift 
mechanism 9 comprises a plurality of rear sprockets (e.g., 
nine sprockets), and a rear derailleur 28 is mounted to the 
rear of frame body 2 for switching chain 29 among the 
plurality of rear sprockets 27. 

[0017] The hub dynamo 10 mounted to rear wheel 7 is adapted 
to mount a brake disc 60 and a freewheel to which the 
plurality of rear sprockets is mounted. An alternating cur- 



rent generator 19 (Fig. 6) is mounted inside tlie liub for 
generating power according to tlie rotation of tlie rear 
wheel 7. 

[0018] A rotation detector 22 is mounted to tlie left crank arm 
27b for detecting the rotation of the crank arm. In this 
embodiment, the rotation detector 22 is used to control 
the operation of the front and rear externally mounted 
gear-shift mechanisms 8 and 9, since it is preferable that 
the gear-shift mechanisms be operated only when the 
crank arm is rotating. The signals from rotation detector 
22 also may be used to calculate and display cadence. 

[0019] As shown in Fig. 3, the rotation detector 22 comprises, for 
example, a synthetic resin casing member 23 structured 
to be mounted to a crank axle mounting boss 27d of left 
crank 27b; four evenly spaced magnets 24 circumferen- 
tially disposed in the casing member 23 and located con- 
centrically with respect to a rotational axis X of the left 
crank arm 27b and crankshaft 66; and a magnetic sensor 
such as a reed switch 25 mounted to the bottom bracket 
portion 65 of the frame body 2 for detecting the magnetic 
signals from the plurality of magnets 24. 

[0020] As shown in Figs. 3-5, the casing member 23 comprises a 
generally cylindrical annular body 67 and a cover member 



68. In this embodiment, annular body 67 is nonrotatably 
and axially immovably mounted to crank axle mounting 
boss 27b, and cover member 68 is detachably mounted to 
the casing body 67. Annular body 67 has a tube portion 
67b mounted to crank axle mounting boss 27d and a ring 
portion 67c integrally formed at the edge of the tube por- 
tion 67b. The tube portion 67b has magnet storage por- 
tions 67a in the form of bottomed bores for storing rect- 
angular-shaped permanent magnets 24 in a slightly 
pressed state, wherein magnet storage portions 67a are 
exposed in the direction of rotational axis X (laterally out- 
wardly in this case). When the annular body 67 is mounted 
to the left crank 27b, the magnet storage portions 67a are 
disposed equidistant from and concentric with the rota- 
tional axis X. The annular body 67 is fastened to the left 
crank arm 27b by mounting bolts 69 screwed into two 
screw holes 27f formed in an end face 27e of crank axle 
mounting boss 27d. Cam rollers 69a are mounted to the 
mounting bolts 69 for operating the front derailleur 26 
using the rotational force of the crank arm. 
[0021] The cover member 68 is used to block the magnet storage 
portions 67a to prevent the magnets 24 from falling out, 
and it has an opening 68a and four latching pawls 68b. 



Opening 68a is dimensioned for receiving tlie cranl< axle 
mounting boss 27d tlieretlirougli. Tlie latching pawls 68b 
are formed at the face of the cover member 68 and are 
evenly spaced in the circumferential direction. Latching 
pawls 68b extend into pawl latching openings 67d formed 
in the annular body 67 to detachably fix cover member 68 
to annular body 67. In this embodiment, cover member 68 
completely covers the magnet storage portions 67a. 

[0022] The reed switch 25 is fastened to a first control unit 30 
mounted to the bottom bracket portion 65. The reed 
switch 25 is located such that it successively faces each 
magnet 24 with a predetermined gap therebetween as the 
left crank arm 27b rotates. 

[0023] Since the magnets 24 are disposed in the preformed mag- 
net storage portions 67a, the position of the magnets 24 
can be set correctly simply by mounting the annular body 
67 to the left crank arm 27b. Also, since the casing mem- 
ber 23 is fabricated from a nonmagnetic synthetic resin, 
the casing member 23 does not become magnetized, thus 
eliminating the risk of malfunction from spurious mag- 
netic signals and minimizing the magnetic adherence of 
foreign objects. Furthermore, since the magnet storage 
portions 67a are completely covered by cover member 68, 



a foreign object, such as a magnetic body, is unlil<ely to 
adiiere to a magnet 24 during travel. 
[0024] Controller 11 manually controls the front and rear gear- 
shift mechanisms 8 and 9 and front and rear suspensions 
13 and 14 in response to the operation of the gear-shift 
switches 20a and 20b and operating switches 21a and 
21b. Controller 11 also may automatically control the 
front and rear gear-shift mechanisms 8 and 9 and front 
and rear suspensions 13 and 14 in accordance with the 
speed of the bicycle. First control unit 30 may delay a gear 
shift operation, for example, when it determines from the 
output of the rotation detector 22 that the crank 27b is 
not rotating at the time a gear change operation is de- 
sired. 

[0025] As shown in Fig. 6, controller 11 has a first control unit 
30, a second control unit 31, and a third control unit 32. 
First control unit 30 may be integrally assembled with 
front derailleur 26 at the bottom bracket portion 65. First 
control unit 30 is connected to and is powered by the al- 
ternating current generator 19, and it powers and controls 
the front and rear derailleurs 26 and 28 and rear suspen- 
sion 13. Since first control unit 30 is provided close to the 
alternating current generator 19, a shorter power cable 



may be used, thus increasing tlie efficiency of control sig- 
nal exclianges and power supply. 
[0026] The first control unit 30 includes a first control portion 35 
in the form of a microcomputer, a waveform-shaping cir- 
cuit 36 for generating a speed signal derived from the 
output of the alternating current generator 19, a charging 
control circuit 37, a power storage device 38, a front de- 
railleur motor driver (FMD) 39, a rear derailleur motor 
driver (RMD) 40, a front derailleur 26 operating location 
(position) sensor (FLS) 41, a rear derailleur 28 operating 
location (position) sensor (RLS) 42, and a rear suspension 
motor driver (RSD) 43. The charging control circuit 37 
rectifies the power output from the alternating current 
generator 19 and produces direct current power. The 
power storage device 38 may comprise a large-capacity 
capacitor, for example, for storing the direct current 
power produced by charging control circuit 37. If desired, 
the power storage device 38 may comprise a secondary 
storage battery such as a nickel cadmium battery, lithium 
ion battery, nickel hydride battery, etc. instead of a capac- 
itor. The power stored in the power storage device 38 is 
communicated to the first control portion 35 and to the 
motor drivers 39, 40 and 43. The motor drivers 39, 40 



and 43 output driving signals for driving motors 44f and 
44r used to control derailleurs 26 and 28 and a motor 
(not shown in the figure) used to control the rear suspen- 
sion 13 in accordance with control signals from first con- 
trol portion 35. 

[0027] The first control unit 30 also supplies power and control 
signals to the second control unit 31 and third control 
unit 32. More specifically, the first control unit 30 pro- 
vides composite power/control signals that are pulsed ON 
and OFF. The control signals may include the speed sig- 
nals from waveform-shaping circuit 36. The second con- 
trol unit 31 and third control unit 32 derive power from 
the power signal components of the composite signals 
and are controlled according to control signal components 
of the composite signals. 

[0028] The second control unit 31 is mounted via a bracket 50 
(Fig. 2) to the handlebar 15 of the handlebar assembly 4. 
The second control unit 31 comprises gear-shift switches 
20a and 20b, operating switches 21a and 21b, a second 
control portion 45 in the form of a microcomputer, and a 
front suspension motor driver (FSD) 46. The second con- 
trol unit 31 transfers the operating data of switches 20a, 
20b, 21a and 21b to the first control unit 30. In automatic 



mode, second control portion 45 adjusts the stiffness of 
tlie front suspension 14 in accordance witli a control sig- 
nal sent from the first control unit 30 based on bicycle 
speed. In manual mode, second control portion 45 adjusts 
the stiffness of the front suspension 14 in accordance 
with the operation of the operating switch 21b. 

[0029] jhe third control unit 32 is a so-called cycle computer, 
and it is detachably mounted to the second control unit 
31. The third control unit 32 has a third control portion 
55 in the form of a microcomputer, a liquid crystal display 
portion 56, and a backlight 58. Backlight 58 is coupled to 
third control portion 55 through a power stabilizing cir- 
cuit 57. The liquid crystal display portion 56 is capable of 
displaying various data such as speed, cadence, travel 
distance, gear-shift location, suspension status and so 
forth, and it is illuminated by the backlight 58. 

[0030] In operation, the alternating current generator 19 of the 
dynamo hub 10 generates electric power when the bicycle 
is traveling, and the electric power is stored in the power 
storage device 38. Since the generator 19 is provided on 
the rear wheel 7, the power storage device 38 also may be 
charged by putting the bicycle on its stand and rotating 
the pedals if the charge produced by normal travel is in- 



sufficient. Tiiis is particularly helpful when adjusting the 
gear-shift mechanisms and setting the operations of the 
liquid crystal display portion 56. 
[0031] When the bicycle speed either exceeds a predetermined 
threshold value or falls below a predetermined threshold 
value in automatic mode, a gear-shift operation is carried 
out. In this embodiment, the gear-shift operation is car- 
ried out with priority given to the rear derailleur 28. How- 
ever, when it is determined by a lack of pulses from rota- 
tion detector 22 that the left crank arm 27b is not rotat- 
ing, a gear shift operation may be delayed even when the 
speed exceeds the predetermined threshold value. Finally, 
when the speed exceeds a predetermined threshold value, 
the stiffness of both suspensions 13 and 14 may be made 
stiffer. 

[0032] While the above is a description of various embodiments 
of inventive features, further modifications may be em- 
ployed without departing from the spirit and scope of the 
present invention. For example, the casing member 23 in 
the embodiment described above was fastened to the left 
crank 27b by mounting bolts 69. However, as shown in 
Figs. 7 and 8, an annular body 167 can be nonrotatably 
latched to a left crank arm 127b, and the annular body 



167 can be prevented from falling off the left crank arm 
127b by a stopper member 70. More specifically, a circu- 
lar crank axle mounting boss 127d may be provided with 
an annular stopper groove 127e and an indented detent 
portion 127f, wherein annular stopper groove 127e is 
provided for latching the end of stopper member 70, and 
indented detent portion 127f is provided for stopping the 
rotation of the annular body 167. 

[0033] In this embodiment, the annular body 167 comprises a 

tube portion 167b without a ring portion. A latching piece 
167e axially protrudes from the tube portion 167b and 
latches to the indented detent portion 12 7f. Stopper 
member 70 is disposed between tube portion 167b and 
the crank axle mounting boss 127d. Stopper member 70 
is a generally tubular member and comprises a flange 
portion 70a, which contacts with the end face of the tube 
portion 167b of the annular body 167; a cylindrical por- 
tion 70b disposed between the tube portion 167b and the 
crank axle mounting boss 127d; and a latching portion 
70c that resiliently latches to the stopper groove 12 7e. 

[0034] To mount casing member 123 to the left crank arm 127b, 
a cover member 168 is latched to the annular body 167 in 
the same manner described above for the first embodi- 



ment to block the magnets 24 mounted in the magnet 
storage portions 167a. Then, casing member 123 is 
mounted to the crank axle mounting boss 127d of the left 
crank 127b at the rotational position where the latching 
piece 167e aligns with the indented detent portion 12 7f. 
Finally, the stopper member 70 is mounted in the space 
between crank axle mounting boss 127d and the tube 
portion 167b from the right side in Fig. 8. As a result, the 
latching portion 70c fits into the stopper groove 12 7e, the 
flange portion 70a makes contact with the end face of the 
tube portion 167b, and the casing member 123 is pre- 
vented from falling off. 

[0035] While the casing members 23, 123 of the rotation detector 
22 were mounted to the left crank 27b or 127bin the de- 
scribed embodiment, the casing members 23, 123 also 
could be mounted to the right crank arm 27a. Further- 
more, while a rotation detector 22 for detecting the rota- 
tion of a crank was described, a rotation detector for de- 
tecting the rotation of a wheel could be provided by 
mounting the casing member to the wheel hub. Because 
the wheel hub is close to the axis of rotation of the wheel, 
the rotation detector can be made compact. 

[0036] While a reed switch was used as magnetic sensor in the 



above embodiment, other sensors, such as a Hall-effect 
element, etc., also could be used. Furthermore, while a 
single magnetic sensor was disposed opposite a plurality 
of magnets, a plurality of magnetic sensors could be used 
to detect not only the presence or absence of rotation and 
rotational speed, but also the direction of rotation in ac- 
cordance with which magnetic sensor is activated first. 
[0037] jhe size, shape, location or orientation of the various 
components may be changed as desired. Components 
that are shown directly connected or contacting each 
other may have intermediate structures disposed between 
them. The functions of one element may be performed by 
two, and vice versa. The structures and functions of one 
embodiment may be adopted in another embodiment. It is 
not necessary for all advantages to be present in a partic- 
ular embodiment at the same time. Every feature that is 
unique from the prior art, alone or in combination with 
other features, also should be considered a separate de- 
scription of further inventions by the applicant, including 
the structural and/or functional concepts embodied by 
such feature(s). Thus, the scope of the invention should 
not be limited by the specific structures disclosed or the 
apparent initial focus or emphasis on a particular struc- 



ture or feature. 



